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genes of wheat and barley, homologous to each other
but not to the VRN1 or VRN2 genes of Arabidopsis,
have been defined genetically as the major controllers
of vernalization. VRN1 is a MADS box gene but has a se-
quence similar to the floral homeotic gene, AP1, rather
than the floral repressor, FLC. VRN1 expression is in-
duced by vernalization, but the mechanism of regulation
is unknown. Does a PcG complex mediate wheat ver-
nalization? There are homologs of all the PRC2 genes
in wheat and a likely homolog of VIN3. There is no ge-
netic evidence for a role of any PcG protein in vernaliza-
tion in cereals. Equally, there is no information regarding
changes in histone modification of the VRN1 chromatin
or that of any other gene in these plants.
It is worth noting that a recent paper by Scho¨nrock
et al. (2006) identifies a secondary vernalization path-
way in Arabidopsis that is FLC independent. Although
there is no direct homology to cereal VRN1 genes, this
pathway also regulates a floral promoter MADS box
gene, AGL19, which is induced by vernalization. A
PcG complex containing a different Su(Z)12 homolog,
not VRN2 but EMF2, is involved. AGL19 overexpression
markedly accelerates flowering, but via a different path-
way to FLC; the targets of FLC, FT and SOC1, are not in-
volved. As with the FLC pathway, the AGL19 pathway
requires VIN3 for its action, and AGL19 chromatin
shows increased H3K27 trimethylation following vernal-
ization. However, H3K9 methylation is not observed
making it unlikely that LHP1 is recruited to the AGL19-
mediated vernalization pathway. It will be interesting
to see if functional tests of VIN3 and Su(Z)12 homologs
in other plants ultimately support parallels between the
AGL19 pathway and the cereal VRN1 pathways.
PcG protein complexes control processes in mam-
mals, Drosophila, and plants. The varying components
and the accessory proteins which give specificity to
these complexes are being unraveled by a combination
of genetics and genomics. We await the detailed knowl-
edge of how the PcG proteins are regulated by low tem-
perature to silence repressors of flowering and ensure
flowering occurs in spring.
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Scores PAR
The process of ‘‘convergence and extension’’ regu-
lates cellular intercalation during gastrulation. An
ArfGAP-PAR protein complex is required for the asso-
ciated cellular polarization. Potential interactions be-
tween this complex and relevant planar cell polarity
factors in this context are discussed.
An important aspect of vertebrate gastrulation and neu-
rulation is the process referred to as convergence and
extension (CE), which leads to proper cellular intercala-
tion and thus the extension of the body axis, driven by
the convergence of lateral cells to the midline and their
intercalation (Keller, 2002). Although progress has beenmade in our understanding of some of the signaling fea-
tures during CE, the associated cell biology and molec-
ular mechanisms that regulate cell morphology and
movement are largely unclear and many questions re-
main. How is the cellular movement regulated at the cel-
lular level?
In this issue ofDevelopmental Cell, an elegant series of
experiments addresses the roles of an ArfGAP (called
XGAP) and proteins of the PAR group during CE
(Hyodo-Miura et al., 2006). XGAP was identified as an
mRNA, which when overexpressed could interfere with
CE and was subsequently shown by gene knockdown
to be indeed required for normal CE to occur (a trade-
mark of most factors acting in this context is that too
much of it is as bad as too little). XGAP is shown to re-
strict or localize the protrusive activity within converging
cells. Strikingly, the GAP (GTPase activating protein) do-
main of XGAP is neither necessary in rescue experiments
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3nor required for correct intracellular localization of XGAP
(at mediolateral ends of cells), suggesting that the N-ter-
minally located GAP activity is not critical in this context.
The C-terminal part of XGAP, however, serves an impor-
tant function at mediolateral ends of cells, where it phys-
ically interacts with the cell polarity proteins PAR-6,
aPKC, and 14-3-33 (PAR-5), which are regulators of api-
cal/basal polarity establishment in epithelial cells. The
data indicate that XGAP gets phosphorylated by aPKC,
stabilizes a complex of the PAR proteins, and acts coop-
eratively with them to polarize the mesenchymal cells un-
dergoing CE. XGAP and the PAR proteins are mutually
dependent for correct localization, suggesting the for-
mation of a stable XGAP-PAR complex. Although the
role of the GAP domain is not essential as mentioned
above, it is likely that it integrates some regulatory input
into XGAP function (Hyodo-Miura et al., 2006).
How does the XGAP-PAR-aPKC complex affect CE?
Although the regulatory input remains unclear, several
earlier observations together with these data open up
new models to be tested. A distinct set of polarizing fac-
tors that also act during CE are components of the Friz-
zled (Fz)-planar cell polarity (PCP) group (Keller, 2002;
Klein and Mlodzik, 2005). The function of Fz/PCP fac-
tors is defined as setting up polarity within the plane
of an epithelium, perpendicular to the apical-basal po-
larity axis. The PCP factors were discovered in Dro-
sophila, but affect many vertebrate epithelia as well
(Klein and Mlodzik, 2005). Interestingly, loss- or gain-
of-function of the PCP factors cause CE defects that
are very similar to those of XGAP. The function of PCP
factors in CE during gastrulation and neurulation has
been analyzed in Xenopus, zebrafish, and to a lesser
extent in mice (Keller, 2002). However, their link to the
associated cell motility (convergence) process has re-
mained obscure.
In Drosophila imaginal disc epithelia, interactions
among the PCP factors segregate two complexes to op-
posing ends of each cell, with the Fz-Dsh-Dgo complex
on one side and the Stbm-Pk complex on the other side
of each cell (Klein and Mlodzik, 2005). These subcellular
localizations lead to cellular polarization and associated
downstream effects, e.g., actin hair outgrowth at the
distal end of wing epithelial cells or orientation of the mi-
totic spindle in SOP cells. Analysis of subcellular local-
ization of PCP protein in cells undergoing CE has only
been initiated and is far from being resolved. During ze-
brafish neurulation the Pk-Stbm complex appears to lo-
calize to anterior cellular borders within each cell (Ciru-
na et al., 2006). By inference from the Drosophila data,
the opposite posterior cell membrane should then con-
tain a Fz-Dsh complex (although this has not been di-
rectly shown yet).
What is the possible relationship between the XGAP-
PAR complex (that regulates localization of cellular pro-
trusions) and the Fz/PCP factors? During Fz/PCP sig-
naling in the Drosophila eye, an apical/basal polarity
complex (containing aPKC, dPatj, PAR-6, and PAR-3)
physically interacts with and negatively regulates the
activity of Fz in PCP signaling (Djiane et al., 2005). These
data suggest that aPKC phosphorylation of the Fz cyto-
plasmic tail negatively affects Fz activity and/or stability
locally. XGAP does not affect Fz-Dsh activity in general
(Hyodo-Miura et al., 2006), but it might affect the locali-zation of its activity by local inhibition (or modulation).
Taking the data of Djiane et al. (2005) and Hyodo-Miura
et al. (2006) together with the PCP localization data pre-
sented in Ciruna et al. (2006), a testable model can be
proposed:
In mesenchymal cells undergoing CE, the Fz/PCP-
Stbm/Pk interactions define cellular polarity within the
anterior-posterior axis. In these same cells an XGAP-
PAR-aPKC complex is localized to the mediolateral cell
ends (Figure 1). By antagonistic interactions between
the three complexes, a stable cellular polarization in
the mesenchymal cells would thus be established, in
which cells can distinguish anterior from posterior and
mediolateral. The associated restriction/localization of
the cellular protrusions (together with the A/P polarity
generated by the PCP factors) would provide the cells
with all the information and activity needed for normal
convergence to the midline and subsequent intercala-
tion (leading to extension).
This model is consistent with the interactions de-
scribed for PAR-1. The PAR-1 kinase can phosphorylate
Dsh and positively affect its activity during CE (Ossipo-
va et al., 2005). In contrast to the other PAR factors,
which tend to stabilize each other in complexes, PAR-
1 localization appears to be mutually exclusive with
that of aPKC/PAR-3/PAR-6 in several cellular contexts.
This is consistent with the XGAP study, showing that
XGAP does not physically interact with PAR-1. Thus
PAR-1 would be excluded from or inhibited at the me-
diolateral cell ends, and it could then act in areas asso-
ciated with anterior-posterior cell membranes where the
PCP factors are localized (Figure 1).
Although this model is attractive and in agreement
with at least some of the published data, there are sev-
eral problems and complications. First, the composite
data originate from different experimental systems
(Xenopus, Drosophila, and zebrafish) and more impor-
tantly some existing data are not in agreement. The
analysis of Dsh localization in DMZ cells (similar to
what is shown for XGAP [Hyodo-Miura et al., 2006])
Figure 1. Schematic Model of Potential Interactions between XGAP/
aPKC/PAR Complex and PCP Factors
Simplified schematic model of potential interactions between the
XGAP/aPKC/PAR complex localized to mediolateral cell ends and
the PCP factors localized to anterior (ant) or posterior (post) cell re-
gions. It is important to note that this is a hypothetical model derived
from different experimental systems and cell layers. See text for
details.
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4appears also associated with mediolateral ends of cells
(Kinoshita et al., 2003). As Dsh has not yet been ana-
lyzed in zebrafish during CE, a direct Dsh and Pk com-
parison in the same cells during CE does not yet exist.
Also, there might be differences not only between spe-
cies but also between germ layers undergoing CE (me-
soderm [Hyodo-Miura et al., 2006] versus neurectoderm
[Ciruna et al., 2006]).
The addition of the PAR proteins to the molecular dis-
section of CE is an exciting step forward and now allows
several models to be tested. Nevertheless, the state of
our understanding is still rudimentary. The nature of
the presumed antagonistic interactions between the
PCP factors and the PAR proteins remains to be ana-
lyzed in sufficient detail. The temporal sequence of po-
larization has not yet been addressed. Which aspect
of polarization comes first and how do the others feed
off of it? How general will these interactions be? With
more players in hand, more specific questions can be
asked, opening an exciting time in the dissection of
the mechanistic aspects of CE and cellular polarization
in general.Developmental Cell 11, July, 2006 ª2006 Elsevier Inc. DOI 10.1016/j.de
CLASPing the Cell Cortex
CLASPs are spatially regulated microtubule plus end
tracking proteins involved in forming polarized micro-
tubule arrays. Work in this issue of Developmental
Cell identifies the protein LL5b as a key CLASP bind-
ing platform that mediates communication between
the cell cortex and the microtubule cytoskeleton.
When Kirschner and Mitchison proposed that selective
stabilization of dynamic microtubules might underlie
morphological change (Kirschner and Mitchison, 1986),
their hypothesis was beautiful but unsubstantiated.
Recently it has become clear that spatially regulated
selective stabilization of dynamic microtubules does
occur and plays a fundamental role in processes ranging
from formation of the mitotic spindle to generation of cell
polarity (Carazo-Salas and Karsenti, 2003; Gundersen
et al., 2004). However, the precise mechanisms of selec-
tive stabilization have been harder to establish. The
article by Lansbergen et al. (2006) in this issue of Devel-
opmental Cell provides insight into the mechanism by
which the cell cortex regulates microtubule stabilization
during processes such as cell polarization.
CLASPs are evolutionarily conserved microtubule
binding proteins that dynamically track growing microtu-
bule plus ends. Proteins with this intriguing behavior are
collectively known as ‘‘+TIPs.’’ Because the conforma-
tion of the microtubule plus end is believed to control
whether that microtubule grows, shrinks, or pauses, itMarek Mlodzik1
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has long been suspected that +TIPs are key players in
selective stabilization processes. Indeed, a number of
+TIPs, including EB1, dynactin complex, and CLIP-170,
have been implicated in microtubule capture (Gundersen
et al., 2004). However, while these +TIPs are generally
found on all growing MT plus ends, the plus end tracking
behavior of CLASPs is spatially regulated: the associa-
tion of CLASPs with microtubules is biased toward the
leading edge of migrating cells (Wittmann and Water-
man-Storer, 2005). This characteristic does not exclude
involvement of other +TIPs in generation of cell polarity,
but it does suggest that CLASPs have a particularly
important role in this process.
Previous work established that CLASPs are involved
in forming polarized MT arrays, bind directly to two
other +TIPs (CLIP-170 and EB1), and are regulated,
directly or indirectly, by GSK3b (Mimori-Kiyosue et al.,
2005; Wittmann and Waterman-Storer, 2005). Lansber-
gen and colleagues set out to define the pathway be-
tween CLASPs and the cell cortex and to investigate
regulation of this pathway by extracellular signals.
This work identified two proteins (LL5b and ELKS) as
components of a molecular link between CLASP bound
MT tips and the cell cortex and provided evidence that
these interactions are regulated by PIP3.
How did Lansbergen and colleagues accomplish
this? After using a clever streptavidin/magnetic bead
strategy to isolate proteins bound to transfected
CLASP, they used mass spectrometry to identify these
proteins. As expected from previous work, the +TIP
CLIP-170 was the most prominent CLASP binding pro-
tein, but in addition this approach revealed LL5b and
